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Field repairable system-on-a-chip (SOC) devices are pos 
sible by including electrically programmable circuits on the 
device, for example in the embedded memory of the SOC 
device. The SOC device may undergo a conventional repair 
process prior to packaging the device for ?eld operation. In 
addition to the conventional repair process, usage indicator 
may be marked prior to packaging. In the ?eld, if the 
embedded memory of the SOC device fails to operate 
correctly, diagnostic programs may be run to identify the 
faulty roWs and/or columns. Redundant roWs and/or col 
umns may be electrically programmed in the ?eld to repair 
the SOC device. Multiple ?eld repairs can be accomplished 
by using this invention. 
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FIELD REPAIRABLE EMBEDDED MEMORY IN 
SYSTEM-ON-A-CHIP 

FIELD OF THE INVENTION 

[0001] This invention relates generally to integrated cir 
cuits (ICs), and more speci?cally, to methods of replacing/ 
repairing defective addressable circuit areas With redundant 
circuit areas. 

BACKGROUND OF THE INVENTION 

[0002] As the semiconductor technology advances further, 
such as the very-large-scale-integration (VLSI) techniques, 
more and more functionalities are incorporated in modern 
VLSI chips. This alloWs building of system-on-a-chip 
(SOC) devices. For example, microprocessors may incor 
porate ?oating point units, arithmetic-logic units, memory 
management units, etc. into one SOC device. Previously, 
these units Were separately produced and connected together 
as part of a system. In a similar manner, more and more 
memory, for eXample the embedded memory, are also being 
integrated Within the SOC device. Some With one-time 
programmable type of embedded memory such as masked 
ROM, others With generic memory blocks such as SRAM or 
DRAM perform various functions or merely serve as an 
on-chip storage unit. 

[0003] As more functional units, including embedded 
memory, are integrated into a SOC device, the probability of 
failures occurring Within the embedded memory or in other 
functional units increase With the increased integration. To 
counteract the effects of failures, redundancy is built into the 
embedded memory so that physical defects introduced by 
the fabrication process of SOC device can be ?xed before 
packaging it for ?eld operation. 

[0004] A conventional redundancy con?guration 100 of 
the commodity memory product is shoWn in the FIG. 1. The 
conventional redundancy con?guration 100 typically 
employees both roW and column redundancies. Thus, the 
conventional redundancy con?guration 100 typically 
includes spare roW decoders 110 and spare column decoders 
120. The spare roW and column decoders 110 and 120 
contain a plurality of roW fuses 112 and column fuses 122, 
respectively. The conventional redundancy con?guration 
100 also includes a plurality of spare roWs 114 and a 
plurality of spare columns 124 connected to the spare roW 
and column decoders 110 and 120, respectively. The spare 
roWs and columns 114 and 124, respectively, are part of 
memory blocks 130. The spare roWs 114 substitute for 
defective Word lines (not shoWn) and the spare columns 124 
substitute for defective bit lines (also not shoWn). The 
conventional Way to link the redundant roWs and columns to 
the address lines is through the laser bloWn fuses. 

[0005] FIG. 2 illustrates a conventional roW redundancy 
con?guration 200 to activate a redundant Word line. The 
conventional roW redundancy con?guration 200 includes 
tWo sets of roW address bits 210. Each set may include a 
plurality of roW address bits 210. The ?rst set represents true 
roW address values (XN to X0) and the second set corre 
sponds to complementary roW address value (~XN to ~XO). 
As shoWn in FIG. 2, each roW address bit circuit 210 
consists of a transistor 212 serially connected to a fuse 214. 

[0006] The operation of the conventional roW redundancy 
con?guration 200 is eXplained as folloWs. In FIG. 2, it is 
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assumed that a Word line With address XN _ _ _ X2X1XO=10 . 

. . 010 is defective and needs to be replaced With a redundant 

roW (not shoWn). In this situation, fuses 214 of the roW 
address bits XN and X1 (from the ?rst set) and their comple 
mentary bits ~XN_1, . . . ~X2, and ~XO (from the second set) 
are bloWn. As a result, the redundant Word line is activated 
and the defective Word line is deselected. 

[0007] In this type of roW redundancy scheme, to support 
one redundant Word line, the number of fuses required is 
tWice the number of bits per roW address. For eXample, if the 
memory block has a 10 bit roW address, 20 fuses are required 
to support one redundant Word line. 

[0008] FIG. 3 illustrates a conventional column redun 
dancy con?guration 300 to activate a redundant column. The 
column redundancy uses different method than the roW 
redundancy described above, called “shift redundancy”, to 
substitute the defective bit lines. It is called “shift redun 
dancy” because the method skips a defective column and 
shifts to an adjacent column. The shift redundancy method 
uses feWer fuses to support redundancy than the roW redun 
dancy described above. 

[0009] Referring again to FIG. 3, the conventional column 
redundancy con?guration 300 includes a redirect control 
signal generator 310, Which generates redirect control sig 
nals Y=YM . . . Y2Y1Y0. The redirect control signal gen 
erator 310 includes fuses 312 that are serially connected to 
each other. As shoWn, the redirect control signal generator 
310 also includes inverters 314, Which produce complimen 
tary redirect control signal ~Y=~YM . . . ~Y2~Y1~YO. The 
column redundancy con?guration 300 also includes a plu 
rality of multipleXors 320. Each multipleXor 320 directs a bit 
of the column address decoded lines to one of tWo column 
select lines. 

[0010] The operation of the conventional column redun 
dancy con?guration 300 is eXplained as folloWs. In FIG. 3, 
it is assumed that column C2 is defective. In this instance, the 
fuse betWeen nodes Y1 and Y2 is bloWn open. As a result, 
bits Y1 and Y0 of the redirect control signal Y signal are high 
since these nodes are tied to high voltage VDD (correspond 
ingly, the bits ~Y1 and ~YO of the complimentary redirect 
control signal ~Y are both loW). Also, bits YM . . . Y2 are loW 
since these are tied to ground (~YM . . . ~Y2 are high). The 
redirect control signals Y and the complimentary redirect 
control signals ~Y control the plurality of multipleXors 320. 
In this instance, the Y signals YM . . . Y2Y1Y0=0 . . . 0011 

redirect the column address decoded lines BM . . . B0 to skip 

column C2. In other Words, signals from BM . . . B2 are 
shifted to columns CM+1 . . . C3. As a result, the signals BM 
. . . B0 are transmitted through columns CM+1 . . . C3C1CO. 

[0011] The roW and column redundancy schemes repre 
sented by FIGS. 1, 2 and 3 are used to correct errors in the 
conventional memory device as Well as in the embedded 
memory of the SOC device prior to packaging. As men 
tioned above, the conventional Way to link the redundant 
roWs and columns to the address lines is through bloWing the 
fuses by a laser. Once the errors are corrected, the SOC 
device is packaged for ?eld operation. 

[0012] HoWever, there is no conventional Way to deal With 
errors that occur in the ?eld other than to replace the SOC 
device. In other Words, the conventional design of SOC 
devices does not alloW for ?eld reparability. As more and 
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more functionalities are built into the SOC device, the cost 
of the device increases. Thus the replacement strategy can 
become very expensive. 

SUMMARY OF THE INVENTION 

[0013] In one aspect of the present invention, an electri 
cally programming and sensing unit (EPSU) for a ?eld 
repairable system-on-a-chip (SOC) device may include a 
diode Whose cathode is connected to a VDD poWer and an 
electrically programmable element With a ?rst end con 
nected to an anode of the diode and to a VPP poWer. In this 
con?guration, the diode acts to isolate the VPP poWer from 
the VDD poWer. The EPSU may also include a pull-doWn 
transistor con?gured to conduct current from the VDD 
poWer or from the VPP poWer to ground through the 
electrically programmable element When the pull-doWn 
resistor is turned on. The EPSU may further include a latch 
con?gured to latch a value from a second end of the 
electrically programmable element. The EPSU may still 
further include a multiplexor con?gured to receive a set of 
external inputs and to control the operation of the pull-doWn 
transistor based on the set of external inputs. 

[0014] In another aspect of the present invention, an 
electrically programmable circuit for a ?eld repairable sys 
tem-on-a-chip (SOC) device may include a high voltage 
generator con?gured to supply a VPP poWer in response to 
a program_enable signal. The electrically programmable 
circuit may also include a scan chain con?gured to receive 
address bits indicating Whether a redundant roW or a column 
needs to be activated. The electrically programmable circuit 
may further include an EPSU con?gured to receive a signal 
from the scan chain, the program_enable signal, and a 
poWer-on-reset signal. The EPSU may also be con?gured to 
be programmed in response to the signal from the scan chain 
indicating a defective roW or column should be ?xed. The 
electrically programmable circuit may still further include a 
fuse-sWitch con?gured to receive an output of the EPSU 
such that the EPSU is able to activate/deactivate the fuse 
sWitch. 

[0015] In a further aspect of the present invention, a 
?eld-repairable system-on-a-chip (SOC) device may include 
at least one of a plurality of redundant roWs (610) and a 
plurality of redundant columns (620), Wherein each of the 
redundant roW (610) or the redundant column (620) includes 
a plurality of fuse boxes. Each fuse box may include an 
EPSU connected a fuse-sWitch. The SOC device may also 
include a plurality of usage indicators con?gured to indicate 
that a corresponding redundant roW or a corresponding 
redundant column is in use. The SOC device may further 
include a fuse map sensing circuit con?gured to sense and 
record the plurality of usage indicators and include a fuse 
map scan chain ?ip ?ops con?gured to send out data sensed 
by the fuse map sensing circuit. 

[0016] In yet another aspect of the present invention, a 
method to package a ?eld-repairable SOC device at a factory 
may include repairing the SOC device, using one or both of 
redundant roWs and columns, prior to packaging the device. 
The method may also include marking the usage of all 
redundant roWs and columns. The method may further 
include retesting and packaging the SOC device. 

[0017] In a yet further aspect of the present invention, a 
method to repair a ?eld-repairable system-on-a-chip (SOC) 
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device may include performing a diagnostic test on the SOC 
device. The method may also include identifying unused 
redundant roWs and columns and electrically programming 
to activate any of the unused redundant roWs and columns 
and to deactivate defective roWs and columns. The method 
may further include retesting the SOC device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 illustrates a conventional redundancy con 
?guration for a commodity memory product; 

[0019] FIG. 2 illustrates a conventional roW redundancy 
con?guration to activate a redundant Word line; 

[0020] FIG. 3 illustrates a conventional column redun 
dancy con?guration to activate a redundant bit line; 

[0021] FIGS. 4A and 4B illustrate exemplary embodi 
ments of roW and column redundancy fuse boxes, respec 
tively, according to an aspect of the present invention; 

[0022] FIG. 5 illustrates an exemplary embodiment of an 
electrically programmable circuit according to another 
aspect of the present invention; 

[0023] FIG. 6A illustrates an exemplary embodiment of a 
?eld repairable redundancy con?guration of an integrated 
memory circuit according to yet another aspect of the 
present invention; 

[0024] FIG. 6B illustrates an exemplary embodiment of 
the fuse map sensing circuit of FIG. 6A according to an 
aspect of the present invention; 

[0025] FIG. 7 illustrates a second embodiment of an 
electrically programmable circuit Which may search for 
available redundancy after ?eld repair according to still yet 
another aspect of the present invention; 

[0026] FIG. 8A illustrates an exemplary embodiment of a 
method for repairing and assembling a SOC device With 
?eld repairable redundancy con?guration of FIG. 6 before 
shipping to the ?eld; and 

[0027] FIG. 8B illustrates an exemplary embodiment of a 
method for ?eld repairing a SOC device With ?eld repairable 
redundancy con?guration. 

DETAILED DESCRIPTION 

[0028] For simplicity and illustrative purposes, the prin 
ciples of the present invention are described by referring 
mainly to exemplary embodiments thereof. HoWever, one of 
ordinary skill in the art Would readily recogniZe that the 
same principles are equally applicable to many types of 
devices that may bene?t from ?eld reparability. 

[0029] In one aspect, electrically programmable devices 
are incorporated to enable ?eld-reparability after the SOC 
device is assembled and packaged. FIGS. 4A and 4B 
illustrate exemplary embodiments of roW and column redun 
dancy fuse boxes, respectively, according to an aspect of the 
present invention. A redundant roW address bit 410 is shoWn 
in FIG. 4A and a column redirect control signal generator 
420 is shoWn in FIG. 4B. In both the redundant roW address 
bit 410 and the column redirect control signal generator 420, 
each conventional fuse (214 for roW con?guration, see FIG. 
2; 312 for column con?guration, see FIG. 3) may be 
replaced With a fuse-sWitch 430. The fuse-sWitch 430 may 
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include a switch 432 in series with a fuse 434. The switch 
432 may be transistor such as NMOS, PMOS, bipolar, etc. 
(In this instance, NMOS is shown). The fuse 434 may be a 
conventional fuse, which can be blown by a laser. Each 
fuse-switch 430 may be controlled by an electrically pro 
gramming and sensing unit (EPSU) 440 as will be shown 
below. 

[0030] FIG. 5 illustrates an exemplary embodiment of an 
electrically programmable circuit 500, including a detailed 
illustration of an exemplary EPSU 440, according to another 
aspect of the present invention. In FIG. 5, a row redundancy 
scheme is assumed. However, one of ordinary skill in the 
arts will be able readily adapt the embodiment to a column 
redundancy scheme. As shown, the electrically program 
mable circuit 500 may include the EPSU 440. The output of 
the EPSU 440 controls the fuse-switch 430 and thus controls 
row address bit 410. Although not shown, the EPSU 440 
may also control the redirect control signal generator 420 
(for column redundancy) shown in FIG. 4. 

[0031] The electrically programmable circuit 500 may 
also include the high voltage generator 520 generating the 
programming power VPP, which may be connected to the 
EPSU 440 as shown. The electrically programmable circuit 
500 may further include a scan chain 530 connected to the 
EPSU 440. 

[0032] Referring to the exemplary EPSU 440 individually, 
the EPSU 440 may include a diode 512 serially connected to 
an electrically programmable element 514. In the embodi 
ment as shown, the diode 512 acts to isolate the regular 
power VDD from the programming power VPP. The elec 
trically programmable element 514 may be a fuse (initial 
low resistance, programmed high resistance) or an anti-fuse 
(initial high resistance, programmed low resistance). The 
anti-fuses may be formed from materials such as poly3/thin 
oxide/poly4, poly silicon, metal/thin oxide/metal, or the like. 
Other one-time programmable (OTP) devices may be used 
such as EPROM, EEPROM, Flash, and the like. 

[0033] Also as shown in FIG. 5, the EPSU 440 may also 
include a pull-down transistor 516 connected to the pro 
grammable element 514. The pull-down transistor 516 
maybe NMOS. It is preferred that the initial and pro 
grammed resistances of the electrically programmable ele 
ment 514 be different by at least two orders of magnitude 
(about 100 fold), and the turn-on resistance of the pull-down 
transistor 516 be in between the two. For example, assume 
that the electrically programmable element 514 is an anti 
fuse. Then the turn-on resistance of the pull-down transistor 
516 is preferred to be at least 10 times the resistance of the 
programmed anti-fuse (low resistance), and a maximum of 
1/10th the initial resistance of the anti-fuse (large resistance). 
This enhances the reliability of the programmed value to be 
saved to a latch 518, which is connected to node A as shown. 

[0034] The EPSU 440 may further include a multiplexor 
519 whose inputs may be connected to the scan chain 530, 
power-on-reset signal, and the program_enable signal as 
shown in FIG. 5. The output of the multiplexor 519 may be 
connected to the pull-down transistor 516 of the EPSU 440. 

[0035] With reference to FIG. 5, the operation of the 
electrically programmable circuit 500 is explained. When a 
working device is found to be defective in the ?eld, a 
diagnostic test may be run to identify the faulty address 
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location. Then a fuse (redundant column case) or a group of 
fuses (redundant row case) are allocated. In the actual repair 
procedure, an address with known defective locations may 
be shifted through the scan chain 530. As illustrated in the 
FIG. 5, the intended programming locations may have 1’s 
and the rest may have O’s. After the designated address of the 
defective location is shifted in, the “program_enable” signal 
may be switched on. When the program_enable signal is on, 
the output of the multiplexor 519 follows the value of the bit 
in the scan chain 530 connected to the multiplexor 519. In 
this instance, the output of the multiplexor 519 turns on the 
pull-down transistor 516 of the EPSU 440. 

[0036] The program_enable signal also initiates that high 
voltage generator 520 to generate the programming power 
VPP. As a result, a programming current is conducted 
through the electrically programmable element 514, which 
changes the resistance state of the electrically programmable 
element 514. For example, if the electrically programmable 
element 514 is an anti-fuse, the initial high resistance may 
be changed to the programmed low resistance state. The 
changing of the state of the electrically programmable 
element 514 completes the repair work. The duration of VPP 
application depends on the type of the materials used to form 
the electrically programmable element. At this point, 
addressing to the defective locations is re-directed to redun 
dant row or column. 

[0037] When a device is powered up afterwards, a “power 
on-reset” signal causes the correction to be sensed as fol 
lows. If the electrically programmable element 514 is an 
anti-fuse and the anti-fuse has been programmed, node “A” 
of the latch will have a “1” latched. As a result, node “B” 
will have a “0”, which in turn will turn off the fuse-switch 
430 by turning off the switch 432. At the same time, a 
redundant row (or column, not shown) is activated. 

[0038] FIG. 6A illustrates an exemplary embodiment of 
?eld repairable memory circuit 600 according to yet another 
embodiment of the present invention. As shown, the ?eld 
repairable memory circuit 600 may include a plurality of 
redundant rows 610 and a plurality of redundant columns 
620. Each redundant row 610 or column 620 may include a 
group of fuse boxes, wherein each fuse-box may include a 
fuse-switch 430 and EPSU 440, such as shown in FIG. 4. 

[0039] The ?eld repairable memory circuit 600 may also 
include a plurality of redundancy usage indicators 630, at 
least one for each group of fuse boxes for the redundant rows 
610 or the redundant columns 620. The ?eld repairable 
memory circuit 600 may undergo a conventional memory 
test and repair in their manufacturing process. When the 
conventional laser repairing work is done, the set of fuses of 
the redundancy usage indicator 630 may be blown to record 
the locations of the redundant rows and columns used in the 
manufacture laser repair. The use of the redundancy usage 
indicator 630 greatly enhances the ef?ciency of the ?eld 
repa1r. 

[0040] The ?eld repairable memory circuit 600 may fur 
ther include one or more fuse map sensing circuits 640 and 
one or more fuse map scan ?ip ?ops 650. The fuse map 
sensing circuits 640 and the fuse map scan ?ip ?ops 650 may 
be used to indicate the status of redundancy usage of the 
SOC device. FIG. 6B illustrates an exemplary embodiment 
of the fuse map sensing circuit 640 of FIG. 6A according to 
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an aspect of the present invention. The operation of the fuse 
map sensing circuit 640 is explained With respect to FIG. 
6B. 

[0041] As shoWn in FIG. 6B, the fuse map sensing circuit 
640 may include a latch 642 and a transistor 644 corre 
sponding to each redundant roW or column. Again, the 
transistor 644 may be NMOS. Assume that a particular 
redundant roW (or column) has been used for repair during 
the factory repair process prior to packaging. In this case, the 
usage indicator 630 for that particular redundant roW (or 
column) Would be bloWn (assume the indicator 630 is a 
fuse). Then upon the poWer-on-reset signal being applied, 
the value of “1” Will be sensed and saved to the associated 
latch, and subsequently Written to the corresponding loca 
tion of the fuse map scan chain ?ip ?op 650 When the scan 
protocol is initiated. The value of “1” indicates that the 
particular redundant roW or column is already in use. On the 
other hand, if the particular roW (or column) is available, a 
“0” Would be sensed and saved to the fuse map scan chain 
?ip ?op 650. Again, it is preferred that the turn-on resistance 
of the transistor 644 be appropriately proportioned to the 
initial and programmed resistances of the usage indicator 
630. 

[0042] An exemplary embodiment of a method for factory 
repair of a SOC device using the ?eld repairable memory 
circuit 600 is shoWn in FIG. 8A. In the factory, the SOC 
device may undergo a conventional laser bloWn repair 
process (step 805). For any redundant roW or column used, 
the corresponding usage indicator 630 may be bloWn (step 
810). As noted above, this greatly enhances the ?eld repair 
process (see FIG. 8B) that may take place later on. Once the 
factory repairing process is complete, the device may be 
retested and packaged for ?eld operation (step 815). 

[0043] Note that data may be collected during the factory 
repair stage. The collected data may be used for a variety of 
purposes. For example, the data may be kept in the factory’s 
data base for product Warranty information. The data may be 
provided to the customer for their future reference. 

[0044] FIG. 7 illustrates a second embodiment of an 
electrically programmable circuit 700. The second embodi 
ment of the electrically programmable circuit 700 may be 
similar to the electrically programmable circuit 500 of FIG. 
5. In other Words, the second embodiment 700 may include 
an EPSU 440 (along With the corresponding diode, electri 
cally programmable element, pull-doWn transistor, latch, 
and the multiplexor), a high voltage generator 520, and a 
roW bit 410 (along With the corresponding fuse-sWitch). The 
second embodiment may also include a scan chain 530. 

[0045] In addition, the second embodiment 700 may 
include a feedback 710 connecting an output of the node B 
of the EPSU 440 (output of the latch) back to the scan chain 
530. By adding the signal connection from the EPSU 440 to 
a parallel input of the scan chain 530, the status of all 
electrically programmable elements of the EPSU 440 may 
be detected When the SOC device is poWered up. For 
example, upon poWer up, the status of the EPSU 440 may be 
recorded in the scan chain 530. During the initialiZation of 
the SOC device, the contents of the scan chain 530 may be 
doWnloaded. This data, along With data from the fuse map 
scan ?ip ?ops 650 (see FIGS. 6A and 6B) provides knoWl 
edge of the previous repairs that have been performed, 
Which in turn enables further repairs to be performed if the 
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device is still repairable. In this manner, multiple ?eld 
repairs could be accomplished. 

[0046] The second embodiment 700 is capable of perform 
ing all operations that the ?rst embodiment 500 is capable 
of, and thus detailed discussion of these operations is 
omitted. Again in FIG. 7, a roW redundancy scheme is 
shoWn. HoWever, one of ordinary skill in the arts Will be able 
readily adapt the second embodiment 700 to a column 
redundancy scheme. 

[0047] FIG. 8B illustrates an exemplary embodiment of a 
method 850 for ?eld repairing an SOC device according to 
an aspect of the present invention. First, a diagnostic pro 
gram may be run to determined failed locations (step 855). 
Also, unused redundant roWs and columns may be identi?ed 
(step 860). Standard protocols exist to check the redundancy 
usage indicators 630 and the status of the overall available 
redundant roWs and columns such as the IEEE1149.1, Which 
is preferred. Also, the “signature/roll call” mode designed by 
Siemens is available to locate laser repaired redundancy of 
the chip. 

[0048] Using the unused redundant roWs and columns, the 
electrically programmable element (fuse or anti-fuse) may 
be appropriately programmed to utiliZe the redundancy (step 
865). Then the SOC device may be tested to ensure that the 
?xes Worked correctly (step 870). As discussed above, the 
?eld repair process may be repeated until the supply of 
redundant roWs and columns are exhausted in the SOC 
device. 

[0049] Although embedded memory has been used to 
illustrate ?eld repairability, this scheme is certainly not 
limited to the memory block. It can be extended to any 
system level redundant blocks such as symmetric multi 
processor on a chip. 

[0050] What has been described and illustrated herein is a 
preferred embodiment of the present invention along With 
some of its variations. The terms, descriptions and ?gures 
used herein are set forth by Way of illustration only and are 
not meant as limitations. Those skilled in the art Will 
recogniZe that many variations are possible Within the spirit 
and scope of the present invention, Which is intended to be 
de?ned by the folloWing claims—and their equivalents—in 
Which all terms are meant in their broadest reasonable sense 
unless otherWise indicated. 

What is claimed is: 
1. An electrically programming & sensing unit for a ?eld 

repairable system-on-a-chip (SOC) device, said electrically 
programming & sensing unit comprising: 

a diode such that a cathode of said diode is connected to 
a VDD poWer; 

an electrically programmable element With a ?rst end 
connected to an anode of said diode and to a VPP 
poWer; 

a pull-doWn transistor con?gured to conduct current from 
said VDD poWer or from said VPP poWer to ground 
through said electrically programmable element When 
turned on; 

a latch con?gured to latch a value from a second end of 
said electrically programmable element; and 
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a multiplexor con?gured to receive a set of external inputs 
and to control the operation of said pull-doWn transistor 
based on said set of external inputs. 

2. The electrically programming & sensing unit of claim 
1, Wherein said electrically programmable element has an 
initial state that is one of a high resistance and a loW 
resistance and has a programmed state that is the other of 
said high resistance and said loW resistance. 

3. The electrically programming & sensing unit of claim 
2, Wherein a turn-on resistance of said pull-doWn transistor 
is substantially at least 10 times of said loW resistance and 
is substantially at maximum 1/10th of said high resistance. 

4. An electrically programmable circuit for a ?eld repair 
able system-on-a-chip (SOC) device, comprising: 

a high voltage generator con?gured to supply a VPP 
poWer in response to a program_enable signal; 

a scan chain con?gured to receive address bits indicating 
Whether a redundant roW or a column needs to be 

activated; 
an electrically programming & sensing unit con?gured to 

receive a signal from said scan chain, said program_e 
nable signal, and a poWer-on-reset signal such that 
upon activation of said program_enable signal, said 
electrically programming & sensing unit further con 
?gured to be programmed in response to said signal 
from said scan chain indicating a defective roW or 
column should be ?xed; and 

a fuse-sWitch con?gured to receive an output of said 
electrically programming & sensing unit such that said 
electrically programming & sensing unit is able to 
activate/deactivate said fuse-sWitch. 

5. The electrically programmable circuit of claim 4, 
further comprises a feedback connection from an output of 
said electrically programming & sensing unit to said scan 
chain. 

6. The electrically programmable circuit of claim 4, 
Wherein said electrically programming & sensing unit com 
prises: 

a diode such that a cathode of said diode is connected to 
a VDD poWer; 

an electrically programmable element With a ?rst end 
connected to an anode of said diode and to said VPP 
poWer; 

a pull-doWn transistor con?gured to conduct current from 
said VDD poWer or from said VPP poWer to ground 
through said electrically programmable element When 
turned on; 

a latch con?gured to latch a value from a second end of 
said electrically programmable element; and 

a multiplexor con?gured to: 

receive said program_enable signal and said signal 
from said scan chain; and 

output a signal Which folloWs said signal from said scan 
chain to said pull-doWn transistor upon activation of 
said program_enable signal. 

7. The electrically programmable circuit of claim 6, 
Wherein said multiplexor is further con?gured to: 

receive said poWer-on-reset signal; and 
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output a signal Which folloWs said poWer-on-reset signal 
to said pull-doWn transistor upon deactivation of said 
program_enable signal. 

8. The electrically programmable circuit of claim 6, 
Wherein said electrically programmable element has an 
initial state that is one of high resistance and loW resistance 
and has a programmed state that is the other of said high 
resistance and said loW resistance. 

9. The electrically programmable circuit of claim 8, 
Wherein a turn-on resistance of said pull-doWn transistor is 
substantially at least 10 times of said loW resistance and is 
substantially at maximum 1/10th of said high resistance. 

10. The electrically programmable circuit of claim 6, 
Wherein said pull-doWn transistor is an NMOS transistor 

11. The electrically programmable circuit of claim 4, 
Wherein said fuse-sWitch comprises: 

a fuse; and 

a transistor con?gured to conduct current through said 
fuse When activated. 

12. The electrically programmable circuit of claim 11, 
Wherein said transistor of said fuse-sWitch is one of NMOS, 
PMOS, and bipolar transistor. 

13. The electrically programmable circuit of claim 4, 
Wherein said scan chain comprises a plurality of ?ip-?ops. 

14. A ?eld-repairable system-on-a-chip (SOC) device, 
comprising: 

at least one of a plurality of redundant roWs and a plurality 
of redundant columns, Wherein each of said redundant 
roW or said redundant column includes a plurality of 
fuse boxes; 

a plurality of usage indicators con?gured to indicate that 
corresponding redundant roWs or corresponding redun 
dant columns are in use; 

a fuse map sensing circuit con?gured to sense and save 
data of said plurality of usage indicators; and 

a fuse map scan chain con?gured to send out data sensed 
by said fuse map sensing circuit. 

15. The ?eld-repairable SOC device of claim 14, Wherein 
each of said fuse boxes for said redundant roWs and said 
redundant columns includes: 

a fuse-sWitch; and 

an electrically programming & sensing unit con?gured to 
control said fuse-sWitch. 

16. The ?eld-repairable SOC device of claim 14, Wherein 
each of said usage indicators comprises a fuse. 

17. The ?eld-repairable SOC device of claim 14, Wherein 
said fuse mapping circuit comprises: 

a latch con?gured to latch value of said usage indicator; 
and 

a transistor con?gured to cause said latch to latch the 
value of said usage indicator. 

18. The ?eld-repairable SOC device of claim 14, further 
comprising: 

a high voltage generator con?gured to supply a VPP 
poWer in response to a program_enable signal; 

a scan chain con?gured to receive address bits indicating 
of Word and bit lines that should be corrected; and 
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a plurality of electrically programmable circuits, Wherein 
each of said electrically programmable circuit com 
prises: 
an electrically programming & sensing unit con?gured 

to receive a signal from said scan chain, said pro 
gram_enable signal, and a poWer-on-reset signal 
such that upon activation of said program_enable 
signal, said electrically programming & sensing unit 
further con?gured to be programmed in response to 
said signal from said scan chain indicating a defec 
tive roW or column should be ?xed; and 

a fuse-sWitch con?gured to receive an output of said 
electrically programming & sensing unit such that 
said electrically programming & sensing unit is able 
to activate/deactivate said fuse-sWitch. 

19. The ?eld-repairable SOC device of claim 18, Wherein 
said electrically programming & sensing unit comprises: 

a diode such that a cathode of said diode is connected to 
a VDD poWer; 

an electrically programmable element With a ?rst end 
connected to an anode of said diode and to said VPP 
poWer; 

a pull-doWn transistor con?gured to conduct current from 
said VDD poWer or from said VPP poWer to ground 
through said electrically programmable element When 
turned on; 

a latch con?gured to latch a value from a second end of 
said electrically programmable element; and 

a multipleXor con?gured to: 

receive said program_enable signal and said signal 
from said scan chain; and 

output a signal Which folloWs said signal from said scan 
chain to said pull-doWn transistor upon activation of 
said program_enable signal. 

20. The ?eld-repairable SOC device of claim 19, Wherein 
said multipleXor is further con?gured to: 

receive said poWer-on-reset signal; and 
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output a signal Which folloWs said poWer-on-reset signal 
to said pull-doWn transistor upon deactivation of said 
program_enable signal. 

21. A method to package a ?eld-repairable system-on-a 
chip (SOC) device at a factory, comprising: 

repairing said SOC device, using one or both of redundant 
roWs and columns, prior to packaging said device; 

marking usage of all redundant roWs and columns; 

retesting said SOC device; and 

packaging said SOC device in response to said SOC 
device completing said retesting step satisfactorily. 

22. The method of claim 21, Wherein said repairing step 
comprises performing laser bloWn repairs on said redundant 
roWs and columns. 

23. The method of claim 21, Wherein said marking step 
comprises bloWing usage indicators corresponding to said 
redundant roWs and columns. 

24. Amethod to ?eld repair a ?eld-repairable system-on 
a-chip (SOC) device at a factory, comprising: 

performing a diagnostic test on said SOC device; 

identifying unused redundant roWs and columns; 

electrically programming any of said unused redundant 
roWs and columns; and 

retesting said SOC device. 
25. The method of claim 24, further comprising usage 

marking any used redundant roWs and columns during the 
electrically programming step. 

26. The method of claim 24, Wherein said electrically 
programming step comprises: 

shifting in an address of a defective roW or column to a 

scan chain; and 

applying a programming poWer VPP to a electrically 
programming and sensing unit associated With said 
address shifted in said scan chain. 


